Figures
, is a large basin situated along the northernmost parts of the Walker Lane Belt (Stewart, 1988) , a physiographic province defined by northwest-striking topographic features and strike-slip faulting. Because geologic framework studies play an important role in understanding the hydrology of the Smoke Creek Desert, a geologic and geophysical effort was begun to help determine basin geometry, infer structural features, and estimate depth to PreCenozoic rocks, or basement. The study area is bounded by Mesozoic and Paleozoic metamorphic rocks and Cretaceous granitic rocks in the Fox and Granite Ranges and along the western margin of the Smoke Creek Desert ( fig. 2 ). Tertiary basalts are mapped to the north, west, and south of the Smoke Creek Desert playa in the Buffalo Hills, Skedaddle Mountains, and Terraced Hills, respectively ( fig. 2) . Metamorphic, granitic, and volcanic rocks are important because they exhibit densities and magnetic susceptibilities higher than other Tertiary and Quaternary sedimentary rocks of the region, creating a distinguishable pattern of gravity and magnetic anomalies that reflect these properties.
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Gravity and Magnetic Data
The gravity data in this report consist of 587 newly collected stations concentrated in the Smoke Creek Desert and the surrounding area ( fig. 3 ). Of these, 108 stations were collected by helicopter in the surrounding mountain ranges and 251 closely-spaced gravity stations were collected along twelve transects that cross the Smoke Creek Desert playa a station spacing of about 400-m (1/4-mi). Additional gravity stations were primarily collected along existing roads within the Smoke Creek Desert area. The 251 closely-spaced gravity station locations correspond to transects along which truck-towed magnetometer data were also collected. All gravity data are tied to the primary base station RENO-A on the University of Nevada, Reno (UNR) campus at 39° 32.30' N and 119° 48.70' W, with an observed gravity value of 979,674.69 milligals (mGal). New gravity stations were located between latitudes 40° 10' and 40° 52' N and longitudes 119° 15' and 120° 0' W and are on the Lovelock 1 x 2 degree (1:250,000-scale) quadrangle. These data were combined with pre-existing gravity data from the surrounding USGS quadrangles (Snyder and others, 1981; Ponce, 1997) . Principle facts of these newly collected gravity stations can be found in the Appendix (table A2) .
More than 160 line-kilometers (100 line-miles) of truck-towed magnetometer data were collected along nineteen transects located within the Smoke Creek Desert and one transect within Squaw Creek Valley ( fig. 4) . Magnetic data were collected using a cesium vapor magnetometer attached to an aluminum carriage connected to the vehicle by aluminum tubing and towed about 9 m (30 ft) behind the vehicle ( fig. 5 ). Magnetometer and Geographic Positioning System (GPS) data were collected simultaneously at one-second intervals, which at an average speed of 30 mph, corresponds to approximately one measurement every 13.4 m (44 ft). A centrally located portable proton-precession base station magnetometer was used to record diurnal variation of the Earth's magnetic field during the truck-towed magnetometer surveys.
Aeromagnetic data were collected by Sander Geophysics Ltd., a geophysical service company based in Ottawa, Canada that specializes in high-precision airborne surveys ( fig. 6 ). The airborne survey was flown at a flight-line spacing of 200 m (1/8 mi) over the Smoke Creek Desert and 400 m (1/4-mi) in the Squaw Creek Valley, at a nominal flight elevation above the ground of 150 m, and with an east-west flight-line direction. North-south tie or control lines were flown at a flight-line spacing of 2,400 m (1.5 mi). Both aerial and ground based magnetometers used in the survey were pumped-cesium vapor magnetometers by Geometrics (Model G-822A), with a sensitivity of about 0.005 nT (nanoteslas). A real-time differential GPS system was used for positional data and on-board navigation, capable of guiding the aircraft along a pre-flight path in three dimensions, with an accuracy of about 0.2 m (0.7 ft).
All gravity, ground magnetic, and aeromagnetic data collected for this survey can be downloaded from this website http://pubs.usgs.gov/of/2006/1197/. The files are ascii comma delimited and are formatted for easy insertion into a database. Each data file has an associated readme document with necessary metadata information.
Gravity Methods
All gravity data were reduced using standard gravity methods (Blakely, 1995) and include the following corrections: (a) the earth-tide correction, which corrects for tidal effects of the moon and sun; (b) instrument drift correction, which compensates for drift in the instrument's spring; (c) the latitude correction, which incorporates the variation of the Earth's gravity with latitude; (d) the free-air correction, which accounts for the variation in gravity due to elevation relative to sea level; (e) the Bouguer correction, which corrects for the attraction of material between the station and sea level; (f) the curvature correction, which corrects the Bouguer correction for the effect of the Earth's curvature; (g) the terrain correction, which removes the effect of topography to a radial distance of 167 km (104 mi); and (h) the isostatic correction, which removes long-wavelength variations in the gravity field inversely related to topography.
Conversion of meter readings to gravity units was made using factory calibration constants as well as a secondary calibration factor determined by multiple gravity readings over the Mt. Hamilton calibration loop east of San Jose, California (Barnes and others, 1969) . The gravity meters used in this survey, LaCoste and Romberg G614 and G17C, have secondary calibration factors of 1.00036 and 1.00078 respectively. Observed gravity values were based on a timedependent linear drift between successive base readings and were referenced to the International Gravity Standardization Net 1971 gravity datum (Morelli, 1974, p. 18) . Free-air gravity anomalies were calculated using the Geodetic Reference System 1967 formula for theoretical gravity on the ellipsoid (International Union of Geodesy and Geophysics, 1971, p. 60 ) and Swick's formula (Swick, 1942, p. 65) for the free-air correction. Bouguer, curvature, and terrain corrections were added to the free-air anomaly to determine the complete Bouguer anomaly at a standard reduction density of 2.67 g/cm 3 . Finally, a regional isostatic gravity field was removed from the Bouguer field assuming an Airy-Heiskanen model for isostatic compensation of topographic loads (Jachens and Roberts, 1981) with an assumed crustal thickness of 25 km (16 mi), a crustal density of 2.67 g/cm 3 , and a density contrast across the base of the model of 0.4 g/cm 3 . Gravity values are expressed in mGal, a unit of acceleration or gravitational force per mass equal to 10 -5 m/s 2 . Gravity data were gridded at an interval of 400 m (1/4 mi) using a computer program (Webring, 1981) based on a minimum curvature algorithm by Briggs (1974) and displayed as a color-contoured map ( fig. 7) .
Station locations and elevations were obtained using Trimble ® differential Global Positioning Systems (DGPS); 1) GeoExplorer CE handheld receiver and 2) Ag132 pole-mounted receiver. The GeoExplorer CE receiver uses Wide Area Augmentation System (WAAS) correction messages, which combined with base station post-processing results in sub-meter vertical accuracy. The Ag132 receiver has real-time differential correction capabilities using an Omnistar satellite system, resulting in sub-meter horizontal accuracy and approximately 1-2 m (3-6 ft) vertical accuracy.
Terrain corrections, which account for the variation of topography near a gravity station, were computed using a combination of manual and digital methods. Terrain corrections consist of a three-part process: the innermost or field terrain correction, inner-zone terrain correction, and outer-zone terrain correction. Field terrain corrections were estimated in the field and extend from the station to a radial distance of 68 m (223 ft), equivalent to Hayford and Bowie (1912) zone B. Inner-zone terrain corrections were estimated from Digital Elevation Models (DEMs) with 10-m or 30-m resolutions derived from USGS 7.5' topographic maps and extend from 68 m (223 ft) to a radial distance of 2 km (1.25 mi) (D. Plouff, USGS, unpublished software, 2005) . Outer-zone terrain corrections, to a radial distance of 167 km (104 mi), were computed using a DEM derived from USGS 1:250,000-scale topographic maps and an automated procedure (Plouff, 1966; Plouff, 1977; Godson and Plouff, 1988) . Digital terrain corrections are calculated by computing the gravity effect of each grid cell using the distance and difference in elevation of each grid cell from the gravity station.
Magnetic Methods
During field operations, towed-magnetic data were recorded and viewed in real-time using Geometrics ® MagLog software. Raw magnetic data were downloaded and processed using MagMap2000 software, where magnetometer and GPS data were merged. The location of the magnetometer was recorded using the Trimble ® non-magnetic Ag132 GPS receiver (described above) mounted on an aluminum frame attached to the magnetometer. Diurnal variations recorded by the centrally-located base station magnetometer were removed from the dataset and the magnetic data were filtered to remove cultural "noise" such as passing cars, culverts, fences, and power lines. Magnetic data were gridded and displayed as a color-contoured map ( fig. 8) .
Aeromagnetic data were reduced to total intensity magnetic field and include corrections for the diurnal variations of the Earth's magnetic field, despiking, leveling, and removal of a regional magnetic field of the Earth (IGRF) using the IGRF 2000 model (Langel, 1992) . Aeromagnetic data were gridded at an interval of 50 m (165 ft) using a computer program (Webring, 1981) based on a minimum curvature algorithm by Briggs (1974) and displayed as a color-contoured map ( fig. 9 ).
Physical Property Data
Density and magnetic properties of rock samples are used for gravity and magnetic modeling, as well as gravity inversion calculations. The 109 rock samples were collected in the mountains surrounding the Smoke Creek Desert (figure 6) for rock property analyses. Densities were determined using a precision Sartorius electronic balance. All rocks were weighed dry in air (Wa), saturated in water (Ww), and saturated with water in air (Ws). From these measurements, grain density, dry bulk density, and saturated bulk density were calculated using the following formulas:
Grain density = Wa/(Wa-Ws) Dry bulk density = Wa/(Ws-Ww) Saturated bulk density = Ws/(Ws-Ww) Magnetic susceptibilities were measured using a Geophysica KT-5 susceptibility meter and are reported to 0.01 x 10-3 cgs units. The Geophysica KT-5 calculates volume susceptibility by assuming the sample shape is an infinite half-space. The instrument's ability to measure magnetic susceptibility is affected by surface roughness, weathering, and sample size, all of which can result in an underestimation of a sample's true susceptibility. The magnetic susceptibility values reported represent an average of multiple (4-8) readings on the sample. Magnetic susceptibility, along with density and rock identification are shown in tables A1a and A1b.
General Discussion
In general, isostatic gravity anomalies reflect lateral (horizontal) density variations in the middle to upper crust. Thus, gravity anomalies can be used to infer the subsurface structure of known or unknown geologic features. Gravity anomalies often reveal features such as granitic intrusions, calderas, deep sedimentary basins, and faults that may guide groundwater flow or play an important role as aquifers or confining units. Tertiary basaltic rocks are thought to underlie most of the northern and western Smoke Creek Desert region (Dixon and others, 2005) , and their subsurface distribution, as highlighted in the magnetic data, is especially important in evaluating the hydrogeology of this area. Cretaceous granitic rocks of the Fox Range, Triassic and Jurassic metasedimentary rocks of the Fox Range, and Quaternary and Tertiary sedimentary deposits that occur throughout the study area also may play a role in the region's hydrology.
In the Smoke Creek Desert area, gravity highs occur over rocks of the Skedaddle Mountains, Fox Range, Granite Range, and over portions of Tertiary volcanic rocks in the Buffalo Hills ( fig. 7 ). These gravity highs likely reflect basement rocks, either exposed at the surface or buried at shallow depths. Average saturated bulk density (SBD) for basement rocks is 2.65, 2.51, and 2.60 g/cm 3 for granitic rocks, andesite, and basalt, respectively (table A1b). The average SBD for metamorphic rocks is 2.66, 2.52, and 2.84 g/cm 3 for gneiss, metasedimentary, and metavolcanic rocks, correspondingly. Gravity lows occur over Smoke Creek Desert, Buffalo and Squaw Creek Valleys, the San Emidio Desert, and to the northwest of the Smoke Creek Desert playa. These lows reflect sedimentary basins filled with lower density alluvial and volcanic deposits. The southern Smoke Creek Desert corresponds to a 25-mGal isostatic gravity low, and assuming a density contrast of 0.4 g/cm 3 , an infinite slab approximation yields a basin depth of approximately 2 km (1.2 mi).
Magnetic anomalies represent lateral variations in the magnetization of rocks. These anomalies can be explained by the variations in rock type across the region. Magnetic highs are likely due to granitic, andesitic, and metavolcanic rocks that have average magnetic susceptibilities of 0.88 x 10 -3 , 0.75 x 10 -3 , and 0.77 x 10 -3 cgs units, respectively, whereas magnetic lows are probably associated with less magnetic gneiss and metasedimentary rocks (table A1b) The diverse physical properties of rock types that outcrop within and likely underlie this region are well suited to geophysical investigations. The contrast in density and magnetic properties between Mesozoic and Paleozoic crystalline basement and overlying Tertiary volcanic rocks and unconsolidated alluvium, for example, produces a distinctive pattern of gravity and magnetic anomalies that can be used to infer geologic structure and determine the depth of preCenozoic basement in three dimensions. Basement topography, which may correspond to the top of buried granitic or metavolcanic rocks, could play an important role in the hydrogeologic framework of the area. Bonham, 1969; Jennings, 1977; Stewart and Carlson, 1978; G.L. Dixon and others, written commun., 2005; and Faulds and Ramelli, in press) 
